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Description 

The invention relates to the field of metallurgy and particularly to the field of titanium base alloys havino 
excellent formability and method of making th reof and m thod of sup rplastic forming thereof 
5 Titanium alloys are widely used as aerospac materials, e.g., in aeroplanes and rockets since the alloys 
possess tough mechanical properties and are comparatively light. 

However the titanium alloys are difficult material to work. When finished products have a complicated 
shape, the yield in terms of weight of the product relative to that of the original material is low which 
causes a significant increase in the production cost. 

ln caS8 of the most wide| y used tita ™™ alloy, which is Ti-6AI-4V alloy, when the forming temperature 
becomes below 800 -C. the resistance to deformation increases significantly, which leads to the generation 
of defects such as cracks. 

To avoid the disadvantage of high production cost, a new technology called superplastic forming which 
utilizes superplastic phenomena, has been proposed. 
is Superplasticity is the phenomenon in which materials under certain conditions, are elongated up to from 
several hundred to one thousand percent, in some case, over one thousand percent, without necking down 

One of the titanium alloys wherein the superplastic forming is performed is Ti-6AI-4V havinq the 
microstructure with the grain size of 5 to 10 micrometer. 

However, even in case of the Ti-6AI-4V alloy, the temperature for superplastic forming ranges from 875 
20 to 950 -C. which shortens the life of working tools or necessitates costly tools. U.S. Pat No 4 299 626 
discloses titanium alloys in which Fe. Ni, and Co are added to Ti-6AI-4V to improve superplastic properties 
having large superplastic elongation and small deformation resistance. 

However even with the alloy described in U.S. Pat. 4.229,626. which is Ti-6AI-4V-Fe-Ni-Co alloy 
developed to lower the temperature of the superplastic deformation of Ti-6AI-4V alloys, the temperature can 
be lowered by only 50 to 80 -C compared with that for Ti-6AI-4V alloy, and the elongation obtained at such 
a temperature range is not sufficient. 

Moreover, this alloy contains 6 wt.% Al as in Ti-6AI-4V alloy, which causes the hot workability in rollino 
or forging, being deteriorated. y 

A titanium alloy is known from U.S. Patent 4,067,734 which shows improved resistance to stress 
corros.on cracking in comparison to proprietary Ti-6AI-4V alloy. This US Patented alloy has a nominal 
composition comprising 3.8 to 5.3 wt % Al; 2.5 to 4.25 wt % Mo; 2.5 to 4.25 wt % V; up to 4 0 wt % Zr up 
to 1.25 wt % Fe; up to 2.2 wt % Cr; up to 1.0 wt % Ni, and balance Ti. The alloy is said to show improved 
combinations of strength and toughness which, in addition to its enhanced stress corrosion cracking 
resistance, make it attractive in aerospace applications. However, the high molybdenum content of this alloy 
renders it unsuitable for superplastic forming because the stress required to effect superplastic deformation 
is unacceptably high. 

^Ja,?™,^ 03 ' artiCle entit ' ed " Com P' ex A'toying of Titanium Alloys" by A I Khorev published in 
METALLOVEDENIE I TERMICHESKAYA OBRABOTKA METALLOV, No. 8. August 1975. pages 58-63 
(English language translation available from METAL SCIENCE AND HEAT TREATMENT. Vol. 17 No 8 
pages 701-705), titanium alloys are disclosed in which constant concentrations of a single a-stabil'iser are 
used with differing amounts of isomorphous (Mo and V) and eutectoid-forming (Cr and Fe) ^-stabilising 
elements. In all cases the a-stabiliser is aluminium, which is present in fixed proportions of 3% by weight or 
6% by weight. Khorev does not contemplate use of such alloys for superplastic forming and by virtue of the 
low aluminium content in the disclosed alloys having 3% by weight aluminium, strengths are low. 
It is an object of the invention to provide a titanium alloy having improved superplastic properties 
More specifically, it is an object of the invention to provide a high strength titanium alloy with improved 
superplastic properties compared with the aforementioned TI-6AI-4V, Ti-6AI-4V-Fe-Ni-Co and Ti-4AI-3Mo- 
3V-Fe-Cr-Ni-Zr alloys, having large superplastic elongation and small resistance of deformation in super- 
plastic deformation and excellent hot workability in the production process, and good cold workability. 
It is a further object of the invention to provide a method of making the above-mentioned titanium alloy 
It is another object of the invention to provide a method of superplastic forming of the above-mentioned 
titanium alloy. 

According to a first aspect of the invention, there is provided a titanium base alloy comprising the 
following constituents in proportions by weight: 
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5 



aluminium 


3.42 


■ 5.0 % 


vanadium 


2.1 


• 3.7 % 


molybdenum 


0.85 


•3.15% 


oxygen 


0.01 « 


•0.15% 



but excluding alloys having a molybdenum content of 2.5% by weight or higher, 

and further comprising at least one of the elements selected from the group consisting of iron, cobalt and 
chromium in proportions by weight satisfying the following equations: 

70 

0.85% SX%S 3.15% 
7%SY%£13%and 

wherein 

75 X % = % Fe + % Co+ (0.9 x % Cr), and 

Y % = (2x % Fe) + (2 x % Co) + (1.8 x % Cr) + (1.5 x % V) + %Mo 
and wherein the balance of the composition is titanium save for incidental impurities. 
Preferably, the alloy has a grain size of alpha crystals of 5um or less. 

According to a second aspect of the invention there is provided a method of making a titanium base 
20 alloy comprising the steps of: 

(a) reheating the titanium base alloy specified below to a temperature in the temperature range from & 
n transus minus 250 • C to 0 transus: 

a titanium base alloy comprising the following constituents in proportions by weight: 



25 



30 



aluminium 
vanadium 
molybdenum 
oxygen 



3.42 - 5.0 % 
2.1 - 3.7 % 
0.85-3.15% 
0.01 -0.15% 



but excluding alloys having a molybdenum content of 2.5% by weight or higher, and further comprising 
at least one of the elements selected from the group consisting of iron, cobalt and chromium in 
proportions by weight satisfying the following equations: 



35 



0.85% £X% £ 3.15% 
7% SY%S 13% and 



wherein 

X % = % Fe + % Co + (0.9 x % Cr), and 
40 Y % = (2 x % Fe) + (2 x % Co) + (1.8 x % Cr) + (1.5 x % V) + %Mo 

and wherein the balance of the composition is titanium save for incidental impurities, and 
(b) hot working the heated alloy with a reduction ratio of at least 50 %. 

According to a third aspect of the invention, there is provided a method of superplastic forming a 
titanium base alloy comprising the steps of: 
45 (a) heat treating the titanium base alloy specified below to a temperature in the temperature range from 
/3 transus minus 250 *C to 0 transus: 

a titanium base alloy comprising the following constituents in proportions by weight: 
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aluminium 


3.42 


• 5.0 % 


vanadium 


2.1 - 


• 3.7 % 


molybdenum 


0.85- 


-3.15% 


oxygen 


0.01 ■ 


■0.15% 



55 but excluding alloys having a molybdenum content of 2.5% by weight or higher, 1 

and further comprising at least one of the elements selected from the group consisting of iron, cobalt and 
chromium in proportions by weight satisfying the following equations: 
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0.85% £X% £3.15% 
7%£ Y%S 13% and 

wherein 

5 X % a % Fe + % Co + (0.9 x % Cr), and 

Y% = (2x%Fe) + (2x%Co) + (1.8x%Cr) + (1.5x%V) + %Mo 
and wherein the balance of the composition is titanium save for incidental impurities, and 
(b) superplastic forming the above heat-treated alloy. 

These and other objects and features of the present invention will be apparent from the followinq 
io detailed description. 

Figure 1 shows the change of the maximum superplastic elongation of the titanium alloys with respect 
to the addition of Fe, Co, and Cr to Ti-AI-V-Mo alloy. The abscissa denotes Fe wt.% + Co wt.% + 0.9 X Cr 
wt.%, and the ordinate denotes the maximum superplastic elongation. 

Figure 2 shows the change of the maximum superplastic elongation of the titanium alloys with respect 
15 to the addition of V, Mo, Fe, Co, and Cr to Ti-AI alloy. 

The abscissa denotes 2 x Fe wt.% + 2 x Co wt.% + (1.8 x Cr wt.%) + (1.5 x V wt.%) + Mo wt.%, 
and the ordinate denotes the maximum superplastic elongation. 

Figure 3 shows the change of the maximum superplastic elongation of the titanium alloys, having the 
same chemical composition with those of the invented alloys, with respect to the change of the grain size of 
20 a-crystal thereof. The abscissa denotes the grain size of a-crystal of the titanium alloys, and the ordinate 
denotes the maximum superplastic elongation. 

Figure 4 shows the influence of Al content on the maximum cold reduction ratio without edge cracking. 

Figure 5 shows the relationship between the hot reduction ratio and the maximum superplastic 
elongation. 

25 The abscissa denotes the reduction ratio and the ordinate denotes the maximum superplastic elonga- 
tion. 

The bold curves denote those within the scope of the invention. The dotted curves denote those outside 
the scope of the invention. 

The inventors find the following knowledge concerning the required properties. 
30 (1) By adding a prescribed quantity of Al, the strength of titanium alloys can be enhanced. 

(2) By adding at least one element selected from the group of Fe, Co, and Cr to the alloy, and 
prescribing the value of Fe wt.% + Co wt.% + 0.9 x Cr wt.% in the alloy, the superplastic properties 
can be improved; the increase of the superplastic elongation and the decrease of the deformation 
resistance, and the strength thereof can be enhanced. 
35 (3) By adding the prescribed quantity of Mo, the superplastic properties can be improved; the increase of 
the superplastic elongation and the lowering of the temperature wherein the superplasticity is realized, 
and the strength thereof can be enhanced. 

(4) By adding the prescribed quantity of V, the strength of the alloy can be enhanced. 

(5) By adding the prescribed quantity of O, the strength of the alloy can be enhanced. 

40 (6) By prescribing the value of a parameter of beta stabilizer, 2 x Fe wt.% + 2 x Co wt.% + (1.8 x Cr 
wt.%) + (1.5 x V wt.%) + Mo wt.%, a sufficient superplastic elongation can be imparted to the alloy and 
the room temperature strength thereof can be enhanced. 

(7) By prescribing the grain size of the a-crystal, the superplastic properties can be improved. 

(8) By prescribing the temperature and the reduction ratio in making the alloy, the superplastic properties 
45 can be improved. 

(9) By prescribing the reheating temperature in heat treating of the alloy prior to the superplastic 
deformation thereof, the superplastic properties can be improved. 

This invention is based on the above knowledge and briefly explained as follows. 
The reason of the above specification concerning the chemical composition, the conditions of making 
so and superplastic forming of the alloy is explained as below: 

I. Chemical composition 

(1)AI 



55 



Titanium alloys are produced ordinarily by hot-forging and/or hot rolling. Howev r, when the tempera- 
ture of the work is lowered, the deformation resistance is increased, and defects such as cracks are liable to 
generate, which causes the lowering of workability., 
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The workability has clos r lationship with Al content. 

Al is added to titanium as a-stabilizer for th a + 0-alloy, which contribut s to th increase of 
mechanical strength. However in cas that the Al content is below 3.42 wt.%, sufficient strength aimed in 
this invention can not b obtain d, whereas in cas that the Al content xc ds 5 wt.%, the hot deformation 
5 resistanc is increased and cold workability is deteriorated, which leads to th lowering of the productivity. 

Accordingly, Al content is determined to be 3.42 to 5.0% wt.%, and more preferably 4.0 to 5.0% wt.%. 

(2) Fe, Co, and Cr 

10 To obtain a titanium alloy having high strength and excellent superplastic properties, the micro-structure 
of the alloy should have fine equi-axed a crystal, and the volume ratio of the a crystal should range from 40 
to 60%. 

Therefore, at least one element from the group of Fe, Co, Cr, and Mo should be added to the alloy to 
lower the £ transus compared with Ti-6AI-4V alloy. 

75 As for Mo, explanation will be given later. Fe, Co, and Cr are added to titanium as ^-stabilizer for the a 
+ 0 -alloy, and contribute to the enhancement of superplastic properties, that is, the increase of 
superplastic elongation, and the decrease of resistance of deformation, by lowering of jS-transus, and to the 
increase of mechanical strength by constituting a solid solution in 0-phase. By adding these elements the 
volume ratio of 0-phase is increased, and the resistance of deformation is decreased in hot working the 

20 alloy, which leads to the evading of the generation of defects such as cracks. However this contribution is 
insufficient in case that the content of these elements is below 0.1 wt.%, whereas in case that the content 
-exceed 3.15 wt.%, these elements form brittle intermetallic compounds with titanium, and generate a 
segregation phase called "beta fleck" in melting and solidifying of the alloy, which leads to the deterioration 
of the mechanical properties, especially ductility. 

25 Accordingly, the content of at least one element from the group of Fe, Co, Cr is determined to be from 
0.1 to 3.15 wt.%. 

As far as Fe content is concerned, a more preferred range is from 1.0 to 2.5 wt.%. 

(3) Fe wt.% + Co wt.% + 0.9 x Cr wt.% 

30 

Fe wt.% + Co wt.% + 0.9 x Cr wt.% is an index for the stability of 0-phase which has a close 
relationship with the superplastic properties of titanium alloys, that is, the lowering of the temperature 
wherein superplasticity is realized and the deformation resistance in superplastic forming. 

In case that this index is below 0.85 wt.%, the alloy loses the property of low temperature wherein the 
35 superplastic properties is realized which is the essence of this invention, or the resistance of deformation 
thereof in superplastic forming is increased when the above mentioned temperature is low. 

In case that this index exceeds 3.15 wt.%, Fe, Co, and Cr form brittle intermetallic compounds with 
titanium, and generates a segregation phase called "beta fleck" in melting and solidifying of the alloy, which 
leads to the deterioration of the mechanical properties, especially ductility at room temperature. Accord- 
40 ingly, this index is determined to be 0.85 to 3.15 wt.%, and more preferably 1.5 to 2.5 wt.%. 

(4) Mo 

Mo is added to titanium as ^-stabilizer for the a + 0-alloy, and contributes to the enhancement of 
45 superplastic properties, that is, the lowering of the temperature wherein the superplasticity is realized, by 
lowering of 0-transus as in the case of Fe, Co, and Cr. 

However this contribution is insufficient in case that Mo content is below 0.85 wt.%, whereas in case 
that Mo content exceeds 3.15 wt.% Mo increases the specific weight of the alloy due to the fact that Mo is 
a heavy metal, and the property of titanium alloys as high strength/weight material is lost. Moreover Mo has 
so low diffusion rate in titanium, which increases the deformation stress. Accordingly, Mo content is determined 
as 0.85-3.15 wt.%, and a more preferable range is 1.5 to 3.15 wt.%. 

(5) V 

55 V is added to titanium as 0-stabilizer for the a + 0-alloy, which contributes to the increase of 
mechanical strength without forming brittle intermetallic compounds with titanium. This is, V strengthens the 
alloy by making a solid solution with 0 phase. The fact wh rein th V content is within the range of 2.1 to 
3.7 wt.%, in this alloy, has the m rit in which the scrap of the most solid Ti-6AI-4V can be utilized. However 
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in case that V content is below 2.1 wt.%, sufficient strength aimed in this invention can not be obtained 
wher as in case that V content xceeds 3.7 wt.%, the superplastic longation is d creased, by exc edingly 
lowering of the 0 transus. " 

Accordingly, V content is d termined as 2.1-3.7 wt.%, and a mor preferable range is 2.5 to 3.7 wt.%. 

(6) 0 

0 contributes to ttie increase of mechanical strength by constituting a solid solution mainly in a-phase 
However in case that 0 content is below 0.01 wt.%, the contribution is not sufficient, whereas in case that 
the O content exceeds 0.15 wt.%, the ductility at room temperature is deteriorated. Accordingly the 0 
content is determined to be 0.01 to 0.15 wt.%, and a more preferable range is 0.06 to 0.14. 

(7) 2 x Fe wt.% + 2 x Co wt.% + (1.8 x Cr wt.%) + (1.5 x V wt.%) + Mo wt.% 

2 x Fe wt.% + 2 x Co wt.% + 1.8 x Cr wt.% + (1.5 x V wt.%) + Mo wt.% is an index showing the 
stabthty of 0-phase, wherein the higher the index the lower the fi transus and vice versa. The most pertinent 
temperature for the superplastic forming is the value at which the volume ratio of primary a-phase is from 
40 to 60 percent. The temperature has close relationship with the /J-transus. When the index is below 7 
wt.%, the temperature wherein the superplastic properties are realized, is elevated, which diminishes the 
advantage of the invented alloys as low temperature and the contribution thereof to the enhancement of the 
room temperature strength. When the index exceeds 13 wt.%. the temperature wherein the volume ratio of 
primary a-phase .s from 40 to 60 percent becomes too low, which causes the insufficient diffusion and 
hence insufficient superplastic elongation. Accordingly, 2 x Fe wt.% + 2 x Co wt.% + (1.8 x Cr wt%) + 
(1.5 x V wt.%) + Mo wt.% is determined to be 7 to 13 wt.%, and a more preferable range is 9 to 11 wt.%. 

II. The grain size of a-crystal 

When superplastic properties are required, the grain size of the a-crystal is preferred to be below 5 u 

m. 

The grain size of a-crystal has close relationship with the superplastic properties, the smaller the grain 
size the better the superplastic properties. In this invention, in case that the grain size of a-crystal exceeds 
5 u m, the superplastic elongation is decreased and the resistance of deformation is increased The 
superplastic forming is carried out by using comparatively small working force, e.g. by using low gas 
pressure. Hence smaller resistance of deformation is required. 

Accordingly, the grain size of a-crystal is determined as below 5 u m, and a more preferable ranqe is 
below 3 u m. y 

III. The conditions of making the titanium alloy 

(1 ) The conditions of hot working 

The titanium alloy having the chemical composition specified in I is formed by hot forging, hot rolling or 
hot extrusion, after the cast structure of the alloy is broken down by forging or slabing and the structure is 
made uniform. At this stage of the hot working, in case that the reheating temperature of the work is below 
ft transus minus 250 the deformation resistance becomes excessively large or defects such as cracks 
may be generated. When the temperature exceeds /3-transus, the grain of the crystal becomes coarse 
which causes deterioration of the hot workability such as generation of cracks at the grain boundary 

When the reduction ratio is below 50% sufficient strain is not accumulated in the a-crystal and the fine 
equi-axed micro-structure is not obtained, whereas the a-crystal stays elongated or coarse. These struc- 
tures are not only unfavourable to superplastic deformation, but also inferior in hot workability and cold 
workability. Accordingly, the reheating temperature at the stage of working is from 0-transus minus 250 «C 
to /5-transus, and the reduction ratio is at least 50%, and more preferably at least 70%. 

(2) Heat treatment 

This process is required for obtaining the equi-axed fine grain structure in the superplastic forming of 
the alloy. When the temperatur of the heat treatment is below 0-transus minus 250 -C, the recrystal- 
lization is not sufficient, and equi-axed grain cannot be obtained. When the temperature exceeds tf-transus 



6 



EP0 408 313 B1 



th micro-structure becomes 0-phase, and equi-axed a-crystal vanishes, and superplastic properties are not 
obtain d. Accordingly the heat tr atm nt temperature is required to b from 0-transus minus 250 *C to j8- 
transus. 

This heat treatment can be done b for th sup rplastic forming in the forming apparatus. 
Examples 



Example 1 

to Tables 1, 2, and 3 show the chemical composition, the grain size of a-crystal, the mechanical properties 
at room temperature, namely, 0.2% proof stress, tensile strength, and elongation, the maximum cold 
reduction ratio without edge cracking, and the superplastic properties, namely, the maximum superplastic 
elongation, the temperature wherein the maximum superplastic deformation is realised, the maximum stress 
of deformation at said temperature and the resistance of deformation in hot compression at 700 *C, of 

75 invented titanium alloys; Al to A28, of conventional Ti-6AI-4V alloys; B1 to B4, of titanium alloys for 
comparison; C1 to C20. These alloys are molten and worked in the following way. 
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Table 1(1) 



10 




Test 


Chemical Composition (wt.%) (Balance Ti) 






Nos. 


Al 


V 


Mo 


0 


fe 


Co 


Cr 






Al 


4.65 


3.30 


1.68 


0.11 


2.14 






15 




A3 


4.03 


2.11 


0.88 


0.09 


3.11 


— 








A4 


4.93 


2.17 


2.37 


0.03 


0.91 










A6 


3.97 


2.97 


2.02 


0.08 


1.91 


_ 




20 




A7 


3.67 


2.54 


0.97 


0.05 


0 fil 








Alloys of 
Present 


A8 


4.16 


3.50 


1.65 


0.04 


2.90 








A9 


3.42 


3.26 


1.76 


0.07 


2.53 






25 


Tnuent* i r\n 

XllVCllUXUU 


All 


3.97 


3.14 


1.86 






J. . -7** 






A12 


4.03 


3.27 


2.29 


0.06 






0.99 






A13 


4.37 


3.11 


2.15 


0.10 


— 


- 


1.87 


30 




A14 


4.02 


2.76 


2.07 


0.08 






2.24 






A15 


4.03 


2.85 


2.21 


0.07 






2.75 






A16 


3.54 


3.17 


2.27 


0.07 


0.86 




1.56 


35 




A17 


4.23 


3.43 


2.31 


0.08 


1.66 




0.96 




A18 


3.97 


2.67 


1.86 


0.07 


1.21 




1.06 






A20 


4.36 


3.11 


2.04 


0.11 


1.74 


0.74 




40 




A21 


4.21 


2.56 


2.27 


0.06 




0.97 


2.32 




A25 


4.40 


2.96 


1.83 


0.09 


1.21 


0.41 


0.67 






A27 


4.61 


3.97 


2.11 


0.08 


1.07 










A28 


4.32 


2.99 


1.07 


0.09 


1.06 






45 





















50 
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Table 1 (1) (Continued from the previous page) 



70 




Test 
Nos. 


Chemical Composition (wt.%) (Balance Ti) 


Grain Size of 
a-Crystal 
(urn) 














Al 


2.14 


10.9 


2.3 


75 




/w 


3.11 


10.3 


3.7 






A4 


0.91 


7.1 


9 ft 






A6 


1.91 


10-3 


2.1 


20 




M f 


2.81 


10.4 


4.6 






A8 




12 7 


2.8 


*> 




Ay 


2.53 


11.7 


3.0 






All 


1.94 


XU.D 


4.0 


25 


Alloys of 


A12 


0.89 


9.0 






Present 


A13 


1.68 


10.2 


3.3 




Invention 


A14 


2.02 


10.2 


3.0 


30 




A15 


2.48 


9.0 


3.8 






A16 


2.26 


11.6 


3.2 






A17 


2.52 


12.5 


2.2 


35 




A18 


2.16 


10.2 ! 


3.5 






A20 


2.48 


11.7 


2.5 






A21 


3.06 


12.2 


2.9 






A25 


2.22 


10.7 


3.9 


40 




A27 


1.07 


10.2 


6.8 






A28 


1.06 


7.7 


9.0 



45 



55 
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Table 1(2) 





Test 


Chemcial Conposition (vt.%) 


(Balance Ti) 






NOS . 


Al 


V 


Mo 


0 




NL 


Cb 


Or 




Bl 


6.03 


4.25 




0.17 


0.25 




— 


- 


Prior 
Art 


B2 


6.11 


4.07 




0.12 


0.08 


- 


- 


- 


B3 


6.17 


4.01 


- 


0.19 


1.22 


- 


0.91 


- • 


Alloys 


B4 


6.24 


3.93 




0.19 


0.22 


0.93 


0.88 


- 




CI 


2.96 


3.01 


0.87 


0.06 


0.91 






mm 




C2 


5.27 


3.17 


1.78 


0.12 


1.69 






- 




C3 


4.21 


2.78 


0.82 


0 07 
v.v// 


1 03 










C4 


3.17 


2.21 


3.21 


0.08 


2.99 






mm 




C5 


3.06 


2.99 


1.18 


0.09 


0.81 






- 




C6 


3.66 


2.11 


3.00 


O 11 


3 27 










C7 


3.21 


2.01 


2.25 


0.06 


0.87 






mm 




C8 


4.67 


3.82 


1*79 


0.07 


2.44 


_ _ 




- 




C9 


4.57 


3.91 


1.34 


0.16 


1 78 










CIO 


3.07 


2.11 


2.75 


0.11 


0.92 






mm 




Cll 






VJ.OO 


U.U/ 


n on 










C12 


3.21 


4.05 


2.40 


0.10 


2.46 






_ 




C13 


4.17 


3.08 


1.21 


0.08 




— 


- 


0.65 




C14 


3.76 


2.14 


2.76 


0.10 








3.85 




C15 


3.86 


2.76 


1.96 


0.13 


0.13 






0.42 




C16 


4.10 


2.11 


0.96 


0.11 




3.43 








C17 


3.95 


2.24 


1.07 


0.08 






3.52 






C18 


4.08 


3.06 


1.79 


0.07 


2.14 






1.52 




C19 


4.13 


2.61 


1.43 


0.13 


0.11 


0.14 


0.13 


0.11 




C20 


3.87 


3.31 


2.04 


0.08 


1.76 


0.86 


0.72 


0.31 




C21 


3.92 


3.69 


3.02 


0.12 


0.96 










C22 


3.07 


2.82 


1.17 


0.13 


1.79 
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Table 1(2) (Continued from the previous page) 



5 







Test 


Chemical Composition (wt.%) (Balance Ti) 


Grain Size of 


70 




Nos- 






a-Crystal 
(urn) 






Bl 


0.25 


| 6.9 


6.2 




Prior 

Art 

Alloys 


B2 


0.08 


6.3 


6.7 


75 


B3 


2.13 


6.0 


3.5 




B4 


2.03 


10.0 


4.1 






a 


0.91 


7.2 


5.3 


20 




C2 


1.69 


9.9 


3.2 






C3 




7 1 
/ * J. 


6.2 






C4 


2.99 


12.5 


3.9 


25 




C5 


0.81 


7.3 


4.8 




C6 




12 7 


2.7 | 






C7 


0.87 


7.0 


3.7 




Alloys for 




2.44 




4.6 


30 


Comparison 


C9 


1.78 


10.8 


5.0 






CIO 


0.92 


7.8 


5.6 






Cll 




6.7 


4.6 


35 




C12 


2.46 


13.4 


3.7 






C13 


0.59 


7.0 


4.9 






C14 


3.47 


12-9 


3.2 






C15 


0.51 


7.1 


4.4 


40 




C16 


3.43 


11.0 


6.0 






C17 


3.52 


11.5 


5.5 






C18 


3.51 


13.4 


4.8 


45 




C19 


0.48 


6.3 


5.8 






C20 


3.62 


14.2 


3.0 






C21 


0.96 


10.5 


1.9 


50 




C22 


1.79 


9.0 


3.3 
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Table 2 




Test 


Tensile Properties at Room Temperature 




Nos. 


0.2% PS 


TS 


EL 






(kgf/mm 2 ) 


(%) 




Al 




no r\ 

98. O 


20.0 






90.3 


93.6 


21.8 




A4 


95.1 


99.0 


17.8 




A6 


93.6 


96.8 


20.7 






94.7 


97.9 


19.6 




A8 


96.7 


100.4 


17.2 




A9 


n 


98.3 


17.8 




All 




97*3 


18.9 




A12 


90.3 


94.1 


21.7 


Alloys of 




94.1 


97.6 


20.6 


Present 


A14 


92.3 


94.9 


21.1 


invention 


AID 


93.6 


96.2 


20.5 




A16 


95.1 


98.5 


17.1 




A17 


96.7 


100.5 


17.2 




A18 


92.8 


96.2 


21.3 




A20 


95.1 


98.7 


17.2 




A21 


95.4 


99.0 


17.0 




A25 


93.9 


97.5 


21.0 




A27 


98.2 


104.0 


13.7 




A28 


94.6 


99.6 


19.4 
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Table 2 (Continued from the previous page) 





Test 
Nos. 


Tensile Properties at Room Temperature 




0.2% PS 


TS 


or 

EL 






(kgf/mm 2 ) 


(%) 


Prior 
Art 


Bl 


85.9 


93.3 


18.9 


B2 


82.7 


90.1 


20.2 


Alloys 


B3 


! 104.2 


108.5 


17.4 




o A 
DH 




lUo.o 


Zl.U 




CI 


85.3 


89.7 


22.0 




02 


98.7 


105.7 


12.7 




C3 


83.7 


88.6 


20.5 




C4 


101.9 


107.6 


11.7 




C5 


86.1 


89.9 


20.6 




C6 


100.6 


110.4 


13.2 




C7 


93.7 


97.4 


20.1 




C8 


96.4 


103.4 


16.7 




C9 


99.6 


106.3 


16.1 




CIO 


90.5 


94.7 


21.4 


Alloys for 


Cll 


85.6 


90.7 


19.0 


Comparison 


C12 


103.6 


107.9 


14.2 




C13 


92.7 


96.4 


17.1 




C14 


102.1 


104.7 


:e;7 




C15 


90.4 


93.7 


21.1 




C16 


103.1 


104.9 


4£6 




C17 


102.9 


105.0 


■5.1 




CIS 


103.7 


106.1 


8.3 




C19 


90.7 


93.3 


21.1 




C20 


103.6 


105.7 


6.0 




C21 


93.1 


96.3 


20.9 




C22 


88.7 


92.0 


21.9 
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Table 3 (1) 



5 



10 
15 




1 Test 
1 Nos. 


jCold 
Reduction 

j without 
j Edge 
I Cracking 
(%) 


1 Maximum 
j Super- 
J plastic 
J Elongation 

(%) 


Tempera- 
ture^ at 
which 
i Maximum 
Elongatior 
is Shown 
(°C) 


1 DefoKmat" i r\\ 

(stress at 
Temperature 
at which 
i Maximum 
1 EloncfA t* i nn 

lis Shown 
J(kgf/nin a ) 


n 1 rv»"f orrna t- i rv\ 

[Stress in 

5 Hot 

I Compression 
Test 

i vj^gi/nm } 


20 




1 Al 


1 55 


2040 


775 


1 1.45 


j 24 ] 






J A3 


1 60 


j 1680 


775 


1 1.38 


1 21 ! 






A4 


50 


1970 


800 


1 1.08 


1 24 j 


25 




| A6 


\ 60 


| 1860 


775 


| 1.44 


1 23 i 






A7. 


65 


1710 


775 


1 1.47 


1 21 i 






A8 


55 


1690 


775 


1 1.26 


! 24 ~~| 






A9 


65 


1855 


750 


| 1.58 


22 j 


30 




All 


60 


1800 


775 


1.32 


21 1 






A12 


70 or more 


1610 


800 


1.30 


22 j 




All rare 1 


A13 | 


50 j 


1720 


775 


1.43 


24 


35 j 


Present [ 


A14 


60 ! 


2010 


775 


1.39 


22 J 




Invention L 


A15 


55 j 


2000 


775 j 


1.37 | 


22 ] 






A16 j 


65 J 


1850 


775 j 


1.28 | 


21 


40 




A17 


50 


1900 


750 J 


1.25 \ 


24 J 






A18 I 


60 f 


2050 


800 J 


1.10 J 


23 f* 






A20 


50 j 


1810 


775 


1.22 


24 


45 




A21 


55 I 


1630 


750 j 


1.47 \ 


23 | 




A25 | 


55 | 


1890 


775 j 


1.32 | 


24 | 






A27 


50 


1310 


775 


1.62 


24 | 


en 




A28 1 


55 


970 


775 | 


1.69 j 


24 j 



14 



EP 0 408 313 B1 



Table 3 (2) 



5 
10 




Test 
N0S. 


Cold 

Reduction 

Ratio 

without 

Edge 

Cracking 


Maximum 
Super- 
plastic 
Elon- 
gation 


Tempera- 
ture , at 
which 
Maximum 
Elongation 
is Shown 


Deformation 
Stress at 
Temperature 
at which 
Maximum 
Elongation 
f leaf Arm* 1 


Deformation 
Stress in 
Hot 

Compression 
Test 

(kgf/mn*) 


15 


Prior 


Bl 


10 or less 


982 


875 


1.25 


37 


Art 


B2 


10 or less 


925 


900 


1.03 


35 




Alloys 


B3 


10 or less 


1328 


825 


1.07 


30 






B4 


10 or less 


1385 


625 


1.02 


31 


20 




CI 


70 or more 














/IT 


JO 








29 






C3 


50 








25 


25 




C4 


45 


750 


750 


Z.Z/ 


£.1 






CD 


70 or more 














C6 


40 


700 


750 


2.31 


28 






C7 


60 


1220 


775 


7 AC 

1.45 




30 




to 
















C9 


10 or less 














CIO 


60 


1320 


•7*7 C 

775 


1 K 0 ) 
X.DZ 




35 










850 


1.07 


28 




AJ—LOyS Lor 


C12 


70 or less 


1225 


750 


2.01 


27 




Comparison 










1.00 


28 


40 




C14 | 


10 or less 












C15 




1500 


850 


1.08 


28 






C16 


30 














C17 


30 










45 




C18 


40 


1050 


750 


2.22 


27 






C19 


50 


1250 


850 


1.12 


29 






C20 


20 










50 




C21 


65 


2250 


750 


1.61 


22 




C22 


70 or more 


1750 


775 


1-39 


20 



The ingots are molten in an arc furnace under argon atmosphere, which are hot forged and hot rolled 
55 into plat s with thickness of 50mrm At the working stage, the reheating t mperature is of the a + 0 dual 
phase and the reduction ratio is 50 to 80%. After the reduction, the samples are treated by a recrystal- 
lization annealing in the temperature range of the a + & dual phase. 
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namllTnpT^T *"? "f S "* concernir, 9 * m chanical properties at room temperatur , 
namely. 0.2% proof stress, t nsile str ngth, and elongation, as shown in Table 2 

nar ^.'l* e tenS "L te . St l° r su P er P ,asticit y- sam P"es are cut out of th plates with dimensions of the 
S? TniTuT T b * 5mm ' n9th by 4mm lhickness and 1 st d und9 ' atmospheric pr ssure of 5.0 X 
J™2 - ! te s* results are shown in Tabl 3. denoting the maximum superplastic elongation, the 
SSH! H T™ su P er P' astic e,on 9 a «°" ^ realized, the maximum deformation stress at 
said temperature, and the deformation resistance in hot compression at 700 -C of the samples shown in 
Table 1 The max.mum deformation stress is obtained by dividing the maximum test load by original 

S6Ctl0ri3l 3r©3. 

The test results of resistance of deformation in hot compression are shown in Table 3. In this test 
cyhndncal specimens are cut out from the hot rolled plate. The specimens are hot compressed at 700 -C 
under vacuum atmosphere. The test results are evaluated by the value of true stress when the samples are 
compressed wrth the reduction ratio of 50%. The invented alloys have the value of below 24 kgfW which 
is superior to those of the conventional alloy, Ti-4V-6AI and the alloys for comparison 

Th.s hot compression test was not carried out for the alloys for comparison CI, C3. and C5 since the 
values of the tensile test at room temperature are below 90 kgfW which is lower than those of Ti-6AI-4V 

™«! ,e *T T COm P ariSOn ' C2 ' C8 ' C9 ' C1 * C16 . C17. and C20 since the maximum cold 
reduction ratio without edge cracking is below 30% which is not in the practical range 
Figures 1 to 5 are the graphs of the test results. 

♦ J' 9U ZJ Sh T? *!? Chan " ° f the maximum superplastic elongation of the titanium alloys with respect 
to the addition of Fe, Co, and Cr to Ti-AI-V-Mo alloy. 

> The abscissa denotes Fe wt.% + Co wt.% + 0.9 x Cr wt.%. and the ordinate denotes the maximum 
superplastic elongation. As is shown in Figure 1. the maximum superplastic elongation of over 1500 % is 
obtained m the range of 0.85 to 3.15 wt.% of the value of Fe wt.% + Co wt.% + 0.9 x Cr wt.% and hiaher 
values are observed in the range of 1 .5 to 2.5 wt.%. ' 

,ho 9 a U HHv Sh< H? C c a T ° f tHe maximum superplastic elongation of the titanium alloys with respect 
to A. addition of V Mo. Fe. Co, and Cr to Ti-AI alloy. The abscissa denotes 2 x Fe wt.% ♦ 2 x Co wt.£ + 

1'L T L ( V Wt %) + M ° Wt % ' and the ordinate denotes the maximum superplastic 
elongation. As shown in Figure 2. the maximum superplastic elongation of over 1500% is obtained in the 

^ ° 7 * « of the va lue of 2 x Fe wt.% + 2 x Co wt.% + (1.8 x Cr wt.%) + (1.5 x V wt %, ♦ 
Mo wt./., and h.gher values are observed in the range of 9 to 11 wt.%. When the index is below 7 wt % 
tne temperature wherein the maximum superplastic elongation is realized, is 850 • C 

Figure 3 shows the change of the maximum superplastic elongation of the titanium alloys, having the 
same chemical composition with those of the invented alloys, with respect to the change of the grain size of 
a-crystal thereof The abscissa denotes the grain size of a-crystal of the titanium alloys, and the ordinate 
denotes the maximum superplastic elongation. 

As shown in the Figure 3, large elongations of over 1500% are obtained in case that the grain size of a- 
crystal is 5 u m or less, and higher values are observed below the size of 3 u m 

Th 4 T"* the in, ' UenCe °' A ' COntent 0n the maximum cold reducti0 " 'alio without edge cracking 

Irlck!ng SC ' SSa ' ^ '** ° rdinate den ° teS ^ ^ (Mi0 " ^° ^ ed9e 

-*J^h 8h T n 'I F l 9Ure 4> the C0 ' d r0 " in9 Wi,h the cold reduction rati0 of ™"> ^an 50% is possible 
when the Al content is below 5 wt%. ^ 

As shown in Tables 2 and 3, the tensile properties of the invented alloys A1 to A28 are 92 kof/mm 2 or 
more ,n tensile strength, 13% or more in elongation, and the alloys possess the tensile strength and the 

d ^o7r^rfman°50 S % PenOr l ° ™ AMV ""^ ' nVented a "° yS ^ C °' d r °" ed W " h the reduction 
Furthermore, in case of the invented alloys A1 to 26 having the grain size of the crystal of below Sum 

me temperature wherein the maximum superplastic elongation is realized is as low as 800 *C and the 

maximum superplastic elongation at the temperature is over 1500%. whereas in case of the alloys for 

comparison, the superplastic elongation is around 1000% or less, or 1500% in C 15 however the 

temperature for the realization of superplasticity in C15 is 850 • C. 

Accordingly, the invented alloys are superior to the alloys for comparison in superplastic properties 
In case of the alloys for comparison C1 . C3. and C5. the superplastic tensile test is not carried out since 

the result of the room temperature tensile test thereof is 90 kgf/mm 2 which is inferior to that of Ti-6AI-4V 

alloy. 

In case of the alloys for comparison C2. C8. C9. C14, C16. C17, and C20. the sup rplastic tensile test 
is not carried out since the maximum cold reduction ratio without edge cracking thereof is below 30%. and 
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out of th practical rang . 
Example 2 

5 For th titanium alloys D1 and D2 with the chemical composition shown in Table 4 f th hot working and 
heat treatment are carried out according to the conditions specified in Table 5, and the samples are tested 
as for the superplastic tensile properties, cold reduction test, and hot workability test. 



70 



75 



20 



25 



Table 4 





Chemical Composition (wt.%) (Balance Ti) 




Al 


V 


Ho 


0 


Fe 


Co 


Cr 


Dl 


4.65 


3.30 


1.68 


0.11 


2.14 






D2 


4.02 


2.76 


2.07 


0.08 






2.24 




Chemical Composition 


[wt.%) (Balance Ti) 




Fe + Co + 0.9 Cr 


2Fe +2Co +1.8Cr +1.5V + 
Mo 


Dl 


2.14 


10.9 


D2 


2.02 


10.2 



Table 5 





P -Transus 

ex:) 


Final Hot Working 


Tempera- 
ture of 
Heat 
Treat- 
aent 
( t) 


Maxima 
Super- 
plastic 
Elon- 
gation 
(X) 


Hot 

Woprka- 

bility 

Test 


Heating 
Temp. 

CO 


Reduction 
Ratio 


Crack 


01 


1 


915 


600 


4 


Crack 








2 


800 


4 


No Crack 


775 


2040 


No Crack 


3 


1100 


4 


Crack 








4 


800 


1.5 


No Crack 


775 


1450 


Crack 


5 


800 


4 


No Crack 


1000 


500 


Crack 


02 


1 


910 


650 


4 


Crack 








2 


850 


4 


No Crack 


775 


2010 


No Crack 


3 


850 


4 


No Crack 


950 


600 


No Crack 



30 



35 



40 



45 



so The method of the test as for the superplastic properties and the cold reduction without edge cracking 
is the same with that shown in Example 1. The hot workability test is carried out with cylindrical specimens 
having the dimensions; 6mm in diameter, 10mm in height with a notch parallel to the axis of the cylinder 
having the depth of 0.8mm, at the temperature of about 700 °C, compressed with the reduction of 50%. 
The criterion of this test is the generation of crack. 

55 The heat tr atm nt and the superplastic t nsile test and the other tests are not carried out as for th 
samples D1-1, D1-3, and D2-1, sine cracks are generated on these samples after the hot working. 

Figure 5 shows the relationship b tween the hot reduction ratio and th maximum superplastic 
elongation. 
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lion™ 9 3580,583 den ° teS th reduCti0n ra,i0 and th ordinate denotes the maximum superplastic elonga- 
ln this figure the samples are reh ated to the temperature b twe n the 0-transus minus 250 'C and a- 
transus The samples having the reduction ratio of at least 50% possesses th maximum sup rplastic 
elongation of ov r 1500%. and in case of the ratio of at least 70%. the longation is over 1700% The 
results are also shown in Table 5. . 

As shown in Table 5. as for the samples of which reheating temperature is within the range from a- 
taansus minus 250 'C to /J-transus and of which reduction ratio exceeds 50%. heat treatment condition 
be.ng from /?-transus minus 200 -C to /Mransus in reheating temperature, the value of the maximum 
superplastic elongation exceeds 1500%, and the maximum cold reduction ratio without edge cracking is at 
least 50 A. As for the samples of which conditions are out of the above specified range, the value of the 
max.mum superplastic elongation is below 1500%. and cracks are generated on the notched cylindrical 
betowToS eVa ' Uatin9 1hS h °* workabi,it y- or the maximum cold reduction ratio without edge cracking is 

Example 3 

Table 7 shows the results of the deformation resistance of hot compression of the invented and 
conventional alloys with the chemical composition specified in Table 6. 
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Table 6 

(wt.%) (balance Ti) 



5 




Af 


V 


Mo 


0 


Fe 


Cr 




70 


ei 


4.65 


3.30 


1.68 


0.11 


2.14 




Al toys of 
the Present 
Invention 


15 


E2 


3.97 


2.67 


1.68 


0.07 


1.21 


1.06 


20 


E3 


6.11 


4.07 




0.12 


0.08 




Convent i ona 1 
Alloy 



Table 7 



30 




Tempe- 
rature 


600 




800 ° 


C 


35 




Strain 
Rate 


io-ms- 1 ) 


KS" 1 ) 




KS" 1 ) 


40 


El 


Defor- 
mation 
Stress 
(kgf/ 
mm 2 ) 


20.0 


38.8 


3.2 


15.0 


45 


E2 


19.5 


36.9 


3.0 


14.6 


50 


E3 


32.1 


62.1 


7.6 


22.0 



The samples with the dimensions; 8mm in diameter and 12 mm in height, are tested by applying 
compressive force thereon under vacuum atmosphere, and the true strain true stress curves are obtained. 
55 The values shown in iTable 7 are the stress s at th strain of 50%. 

The stress values of the invented alloy are smaller than those of the conventional alloy by 30 to 50%, 
both at higher strain rate, 1 s" 1 and at low r strain rate, 10~ 3 s~\ and both at 600 *C and 800 'C, which 
proves the invented alloy having the superior workability not only in superplastic forming but in iso-thermal 
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forging and ordinary hot forging. 
Claims 

1. A titanium bas alloy comprising the following constituents in proportions by weight: 



aluminium 


3.42 


- 5.0 % 


vanadium 


2.1 


• 3.7 % 


molybdenum 


0.85- 


• 3.15 % 


oxygen 


0.01 


0.15 % 



but excluding alloys in which the molybdenum content is 2.5% by weight or greater 

and further comprising at least one of the elements selected from the group consisting of iron, cobalt 

and chromium in proportions by weight satisfying the following equations: 

0.85% £ X% £ 3.15% 
7% £ Y% £ 13% 

wherein 

X% = %Fe + %Co + (0.9 x %Cr) 
and 

Y% = (2 x %Fe) + (2 x %Co) + (1.8 x %Cr) + (1.5 x %V) + %Mo 
and wherein the balance of the composition is titanium save for incidental impurities. 

2. A titanium base alloy as claimed in claim 1, further characterised in that the aluminium content is 4 to 5 
% by weight. /. 

a A titanium base alloy as claimed in claim 1 or claim 2. further characterised in that the vanadium 
content is 2.5 to 3.7 % by weight. 

4 ' i!!2ni Um , b c? SS f u° laimed 3ny Preceding claim ' further characterised in that the molybdenum 
content is 1.5 to 2.37 % by weight. ' 

5. A titanium base alloy as claimed in any preceding claim, further characterised in that the value of X% is 
defined as follows: 

1.5%£X%£2.5%. 

6. A titanium base alloy as claimed in any preceding claim, further characterised in that the value of Y% is 
defined as follows: 

9%S Y%£ 11 %. 

7. A titanium base alloy as claimed in claim 1, further characterised in that the group of optional elements 
consists of iron and cobalt. 

a A titanium base alloy as claimed in claim 1, further characterised in that the group of optional elements 
consists of iron and chromium. 



iron. 



9. A titanium base alloy as claimed in claim 1, further characterised in that the optional element is 

10. A titanium base alloy as claimed in claim 9, further characterised in that the iron content is 1 0 to 2 5 % 
by weight. 
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11. A titanium bas alloy as claimed in claim 10, further characterised in that the iron content is 1.5 to 2.5 
% by weight. 

12. A titanium bas alloy as claim d in any one claims 7 to 11, further characterised in that th aluminium 
5 content is 4.0 to 5.0 % by weight, the vanadium content is 2.5 to 3.7 % by w ight and the molybdenum 

content is 1.5 to 2.37 % by weight. 

13. A titanium base alloy as claimed in claim 12, further characterised in that the value of Y% is defined as 
follows: 



70 



9 % £ Y% S 11 %, 



14. A titanium base alloy as claimed in any preceding claim, further characterised in that the grain size of 
75 the alpha crystals is less than 5 urn. 

15. A method of making a titanium base alloy comprising the steps of : 

(a) reheating the titanium base alloy specified below to a temperature in the range from 250 • C 
below the 0-transus temperature of the alloy composition to its /3-transus temperature, the specified 
20 alloy composition comprising the following constituents in proportions by weight: 



25 



aluminium 


3.42 


• 5.0 % 


vanadium 


2.1 


• 3.7 % 


molybdenum 


0.85 


■3.15% 


oxygen , 


0.01 


-0.15% 



30 



but excluding alloys in which the molybdenum content is 2.5% by weight or greater, 

and further comprising at least one of the elements selected from the group consisting of iron, cobalt 

and chromium in proportions by weight satisfying the following equations: 



0.85% SX%£ 3.15% 
7%£Y%£13% 

35 wherein 

X% = %Fe + %Co + (0.9 x %Cr) 
and 

Y% = (2 x %Fe) + (2 x %Co) + (1.8 x %Cr) + (1.5 x %V) + %Mo 
wherein the balance of the composition is titanium save for incidental impurities, and 
40 (b) hot working the heated alloy with a reduction ratio of at least 50%. 

16. A method as claimed in claim 15, further characterised in that the reduction ratio is at least 70%. 



45 



17. A method as claimed in claims 15 or 16, further characterised in that the values for X% and Y% are 
defined as follows: 



0.85 %£X%S 1.5%. 
7 % S Y% £ 9 %. 

so 18. A method as claimed in claims 15 or 16, further characterised in that the values for X% and Y% are 
defined as follows: 



55 



1.5%SX%S2.5%. 
9%SY%£11%. 

19. A method as claimed in claims 15 or 16, further characterised in that the values for X% and Y% are 
defined as follows: 
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2.5 %£X% 5 3.15%. 
11 %S Y%S 13%. 

20. A method as claim d in any one of claims 15 to 18. further characteris d in that the aluminium content 
5 is defined as follows: 

4.0 wt.% £ Al S 5.0 wt.% 



10 



21. A method of superplastic forming a titanium base alloy comprising the steps of : 

(a) heat treating a titanium base alloy composition as specified below to a temperature within the 
range from 250 -C below the 0-transus temperature of the alloy composition to its /S-transus 
temperature, the specified alloy composition comprising the following constituents in proportions by 
weight: 



15 



20 



30 



35 



aluminium 


3.42 


- 5.0 % 


vanadium 


2.1 


■ 3.7 % 


molybdenum 


0.85 


- 3.15 % 


oxygen 


0.01 


■0.15% 



but excluding alloys in which the molybdenum content is 2.5% by weight or greater. 

and further comprising at least one of the elements selected from the group consisting of iron, cobalt 

and chromium in proportions by weight satisfying the following equations: 

0.85% £ X% £ 3.15% 
7%*y%£ 13% 



= %Fe + %Co + (0.9 x %Cr) 



wherein 
X% 
and 

Y% = (2 x %Fe) + (2 x %Co) + (1.8x %Cr) + (1.5 x %V) + %Mo 
wherein the balance of the composition is titanium save for incidental impurities, and 
(b) superplastic forming the heat treated alloy composition. 

22. A method as claimed in claim 21 further characterised in that the values for X% and Y% are defined as 
follows: 



40 



45 



50 



0.85 %£X%S 1.5%. 
7 % £ Y% 3 9 %. 

23. A method as claimed in claim 21 further characterised in that the values for X% and Y% are defined as 
follows: 

1.5%3X%£2.5%. 
9%£ Y%£ 11 %. 

24. A method as claimed in claim 21 further characterised in that the values for X% and Y% are defined as 
follows: 

2.5 %SX%£ 3.15%. 
11%£Y%S13%. 



55 
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Pate ntansprU che 

1. Legi rung auf Titanbasis, umfassend die foig nden B standteil in G wichtsanteifen: 

5 



Aluminium 


3,42 


- 5,0 % 


Vanadium 


2,1 


- 3,7 % 


Molybdan 


0,85 


-3,15% 


Sauerstoff 


0,01 


-0.15% 



unter AusschluB von Legierungen, bei denen der Molybdangehalt 2,5 Gew.-% Oder groBer ist, 

und umfassend weiterhin wenigstens ein Element, ausgewahlt aus der Gruppe bestehend aus Eisen, 

Kobalt und Chrom in Gewichtsanteilen, entsprechend den folgenden Gleichungen: 

75 

0,85 %SX%S 3,15% 
7%^Y%^ 13% 

worin 

20 X % = % Fe + % Co + (0,9 x % Cr) 

und 

Y % = (2 x % Fe) + (2 x % Co) + (1,8 x % Cr) + (1,5 x % V) + % Mo) 
und worin der Rest der Zusammensetzung Titan und zufallsbedingte Verunreinigungen sind. 

25 2. Legierung auf Titanbasis gemaB Anspruch 1, weiterhin gekennzeichnet dadurch, daB der Aluminium- 
gehalt 4 bis 5 Gew.-% betragt. 

3. Legierung auf Titanbasis gemaB Anspruch 1 oder Anspruch 2, weiterhin gekennzeichnet dadurch, daS 
der Vanadingehalt 2,5 bis 3,7 Gew.-% betragt. 

30 

4. Legierung auf Titanbasis gemaB Anspruch einem der vorhergehenden Anspruche, weiterhin gekenn- 
zeichnet dadurch, daB der Molybdangehalt 1 ,5 bis 2,37 Gew.-% betragt. 

5. Legierung auf Titanbasis gemaB einem der vorhergehenden Anspruche, weiterhin gekennzeichnet 
35 dadurch, daB der Wert fur X % wie folgt definiert ist: 

1,5%£X%£ 2,5%. 



40 6. Legierung auf Titanbasis gemaB einem der vorhergehenden Anspruche, weiterhin gekennzeichnet 
dadurch, daB der Wert fOr Y % wie folgt definiert ist: 

9%SY%*11%. 



45 

7. Legierung auf Titanbasis gemaB Anspruch 1, weiterhin gekennzeichnet dadurch, daB die Gruppe der 
gegebenenfalls verwendeten Elemente aus Eisen und Kobalt besteht. 

8. Legierung auf Titanbasis gemaB Anspruch 1 , weiterhin gekennzeichnet dadurch, daB die Gruppe der 
so gegebenenfalls verwendeten Elemente aus Eisen und Chrom besteht. 

9. Legierung auf Titanbasis gemaB Anspruch 1, weiterhin gekennzeichnet dadurch, daB das gegebenen- 
falls verwendete Element Eisen ist. 

55 10. Legierung auf Titanbasis gemaB Anspruch 9, weiterhin gekennzeichnet dadurch, daB der Eisengehalt 
1,0 bis 2,5 Gew.-% betragt. 
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11. Legierung auf Titanbasis gemaB Anspruch 10, weiterhin gekennz ichnet dadurch, daB d r Eisengehalt 
1 ,5 bis 2,5 G w.-% betragt 

12. Legierung auf Titanbasis g maB inem d r AnsprOche 7 bis 11, weiterhin gek nnz ichnet dadurch, 
dafl der Aluminiumgehalt 4,0 bis 5 G w.-% ist, der Vanadiumgehalt 2,5 bis 3.7 Gew.«% ist, und der 
Molybdangehalt 1,5 bis 2,37 Gew.-% ist. 



13. Legierung auf Titanbasis gemaB Anspruch 12, weiterhin gekennzeichnet dadurch, dafl der Wert von Y 
% wie folgt definiert ist: 



9%£ Y%3 11 %. 



14. Legierung auf Titanbasis gemaB einem der vorhergehenden Anspruche, weiterhin gekennzeichnet 
dadurch, dafl die KorngroBe der alpha-Kristelle weniger als 5 urn ist. 

15. Verfahren zur Herstellung einer Legierung auf Titanbasis urnfassend die Stufen: 

(a) Wiedererhitzen der Legierung auf Titanbasis gemaB der nachfolgenden Spezifizierung auf eine 
Temperatur in dem Bereich von 250 'C unterhalb der 0-Ubergangstemperatur der Legierungszu- 
sammensetzung bis zu deren j5-0bergangstemperatur, wobei die angegebene Legierungszusam- 
mensetzung die folgenden Bestandteile in Gewichtsanteilen umfaBt: 



Aluminium 


3,42 - 5,0 % 


Vanadium 


2,1 - 3,7 % 


Molybdan 


0,85-3,15% 


Sauerstoff 
l L I 


0,01 -0,15% 



unter AusschluB von Legierungen, bei denen der Molybdangehalt 2,5 Gew.-% oder groBer ist, 

und weiterhin urnfassend wenigstens ein Element, ausgewahlt aus der Gruppe bestehend aus Eisen, 

Kobalt und Chrom, in Gewichtsanteilen, entsprechend den nachfolgenden Gleichungen 

0,85 %£X%5» 3,15% 
7%£ Y%S 13% 

worin 

X % = % Fe + % Co + (0,9 x % Cr) 

und 

Y % = (2 x % Fe) + (2 x % Co) + (1,8 x % Cr) + (1,5 x % V) + % Mo), 
worin der Rest der Zusammensetzung Titan und zufallsbedingte Verunreinigungen sind, und 
(b) Warmverarbeitung der erwarmten Legierung mit einem Reduktionsverhaltnis von wenigstens 50 
%. 

16. Verfahren gemafl Anspruch 15, weiterhin gekennzeichnet dadurch, dafl das Reduktionsverhaltnis 
wenigstens 70 % ist. 

17. Verfahren gemaB Anspruchen 15 oder 16, weiterhin gekennzeichnet dadurch, daB die Werte fOr X % 
und Y % wie folgt definiert sind: , daB die Werte fur X % und Y % wie folgt definiert sind: 

0,85% £X%3 1,5% 
7 % £ Y % £ 9 % 

18. Verfahren gemaB Anspruchen 15 oder 16, weiterhin gekennzeichnet dadurch, daB die Werte fOr X % 
und Y % wie folgt definiert sind: , daB die Werte fur X % und Y % wie folgt definiert sind: 

1,5%* X% 55 2,5% 
9%£ Y%£ 11 %. 
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w 



19. V rfahr n gemaB Ansprtichen 15 oder 16, weit rhin gekennzeichn t dadurch, daB di Wert fUr X % 
und Y % wie folgt definiert sind: , daB die Werte fOr X % und Y % wi folgt definiert sind: 

2,5 %SX%* 3.15% 
11 %S Y%S 13%. 

20. Verfahren gemaB einem der AnsprUche 15 bis 18, weiterhin gekennzeichnet dadurch, dafl der 
Aluminiumgehalt wie folgt definiert ist: 

4,0 Gew.-% S Al £ 5,0 Gew.-%. 



21. Verfahren zur superplastischen Formgebung einer Legierung auf Titanbasis, umfassend die Stufen 
75 (a) Warmebehandeln einer Legierungszusammensetzung auf Titanbasis der nachfolgenden Spezifi- 

zierung auf eine Temperatur in einem Bereich von 250 *C unterhalb der 0-Obergangstemperatur der 
Legierungszusammensetzung bis zu deren 0-Obergangstemperatur, wobei die angegebene Legie- 
rungszusammensetzung die folgenden Bestandteile in Gewichtsanteilen enthalt: 



20 


Aluminium 


3,42 - 5,0 % 




Vanadium 


2,1 - 3,7 % " 




Molybdan 


0,85-3,15% 




Sauerstoff 


0,01 -0,15 % 



25 
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unter AusschluS von Legierungen, bei denen der Molybdangehalt 2,5 Gew.-% oder groBer ist, 

und umfassend weiterhin wenigstens ei/i Element, ausgewahlt aus der Gruppe bestehend aus Eisen, 

Kobalt und Chrom in Gewichtsanteilen, entsprechend den folgenden Gleichungen: 

0,85 % £ X % £ 3,15 % 
7%£Y%S13% 



worin 

X % = % Fe + % Co + (0,9 x % Cr) 

35 und 

Y % = (2 x % Fe) + (2 x % Co) + (1,8 x % Cr) + (1,5 x % V) + % Mo), 
worin der Rest der Zusammensetzung Titan und zufallsbedingte Verunreinigungen sind, und 
(b) superplastische Formgebung der warmebehandelten Legierungszusammensetzung. 

40 22. Verfahren gemaB Anspruch 21 , weiterhin gekennzeichnet dadurch, daB die Werte fur X % und Y % 
wie folgt definiert sind: , daB die Werte fOr X % und Y % wie folgt definiert sind: 



45 



0,85 %SX%£ 1,5% 
7 % £ Y % £ 9 %. 

23. Verfahren gemaB Anspruch 21, weiterhin gekennzeichnet dadurch, daB die Werte fur X % und Y % 
wie folgt definiert sind: , daB die Werte fOr X % und Y % wie folgt definiert sind: 



50 



1,5 %SX% 25 2.5% 
9%£ Y%£ 11 %. 



24. Verfahren gemaB Anspruch 21 , weiterhin gekennzeichnet dadurch, daB die Werte fur X % und Y % 
wie folgt definiert sind: , daB die Werte fur X % und Y % wie folgt definiert sind: 



55 



2,5% £X%S 3,15% 
11 %£Y%*13%. 
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Revendications 

1. Unalliag abased titane comprenant ies constituants suivants en proportions n poids 



10 



15 



aluminium 


3,42 


- 5,0 % 


vanadium 


2,1- 


3,7 % 


molybdene 


0,85 


- 3,15 % 


oxygene 


0,01 


- 0,15 % 



mais a Inclusion des alliages ayant une teneur en molybdene de 2,5% en poids ou plus elevee et 
comportant en outre au moins un des elements choisis dans le groupe constitue du fer, du cobalt' et 
du chrome en proportions ponderales satisfaisant aux equations suivantes ■ ' 



0,85 %SX%£ 3,15% 
7 % £ Y% S 13 % et 

dans lesquelles 
20 X% = % Fe + % Co + (0,9 x % Cr), et 

Y% = (2x%Fe) + (2x%Co) + (1,8x%Cr) + (1,5x%V) + % Mo 

^ve^eltes 3 ^ 61165 16 reStG ^ 18 C0mp0S,ti0n est constitu4 P ar du titane * Exception des impuretes 

25 2. Un alliage a base de titane tel que revendique dans la revendication 1 , caracterise en outre en ce que 
la teneur en alumine est de 4 h 5 % poids. 

3. Un alliage a base de titane tel que revendique dans la revendication 1 ou la revendication 2, caracterise 
en outre en ce que la teneur en vanadium est de 2,5 a 3,7 % poids. 



30 



4. Un alliage a base de titane tel que revendique dans Tune quelconque des revendications precedentes 
caracterise en outre en ce que la teneur en molybdene est de 1 ,5 a 2,37 % poids. 

5. Un alliage a base de fitane tel que revendique dans I'une quelconque des revendications precedentes 
as caracter.se en outre en ce que la valeur de X % est definie de la maniere suivante : 

1,5%SX%S2,5% 

40 6. Un alliage a base de titane tel que revendique dans I'une quelconque des revendications precedentes 
caracterise en outre en ce que la valeur de Y % est definie de la maniere suivante : 

9%SY%S11% 



45 



7. Un alliage a base de titane tel que revendique dans la revendication 1, caracterise en outre en ce oue 
le groupe d'elements facultatifs est constitue du fer et du cobalt. 

a Un Jliage a base de titane tel que revendique dans la revendication 1, caracterise en outre en ce que 
so d elements facultatifs est constitue du fer et du chrome. 

9 facuSes^ teZ de tita " e r6Vendiqu6 danS la revendication 1 • caracterise en ce que ('element 

55 10. Un alliage a base de titane tel que revendique dans la revendication 9, caracterise n outre en ce au 
la teneur en fer est de 1 ,0 k 2.5 % en poids. 
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11. Un alliag k base de titan t I qu r vendiquS dans la revendication 10, caract&risS n outre n c que 
la teneur n f r st d 1 ,5 k 2,5 % n poids. 

12. Un alii age k base d titan tel que revendique dans Tun quelconque d s revendications 7 k 11, 
5 caractSrisS en outre en ce qu la ten ur en aluminium st d 4,0 k 5,0 % en poids, la ten ur n 

vanadium est de 2,5 k 3,7 % en poids et la teneur en moiybdfcne est de 1,5 k 2,37 % en poids. 

13. Un alliage k base de titane tel que revendique dans la revendication 12, caractSrise en outre en ce que 
la valeur de Y% est ddfinie de la mani&re suivante : 

w 

9%£Y%£11% 



14. Un alliage k base de titane tel que revendiquS dans Tune des revendications prScedentes, caract6ris6 
75 en outre en ce que la dimension des grains des cristaux-a est infSrieure k 5 urn. 

15. Un procedS pour fabriquer un alliage a base de titane comportant les etapes de : 

(a) rdchauffer Palliage k base de titane sp6cifi§ ci-dessous k une temperature dans la gamme de 
temperature du point de transition-^ moins 250 * C jusqu'au point de transition-0: un alliage a base 
20 de titane comportant les constituants suivants en proportion ponderale : 





aluminium 


3,42 - 5,0 % 




vanadium 


2,1 - 3,7 % 


25 


molybdene 


0,85-3,15% 


oxyg&ne 


0.01 -0,15 % 



mais a I'exclusion des alliages ayant un teneur en molybdene de 2,5 % poids ou plus eleve et 
comportant en outre au moins des elements choisis dans le groupe constitue du fer, du cobalt, et du 
30 chrome en proportions ponderales qui satisfont aux equations : 

0,85 %SX%S 3,15% 
7%£ Y%S 13%et 

35 dans laqueile 

X % = % Fe + % Co + (0,9 x % Cr) et, 
Y % = (2 x % Fe) + (2 x % Co) + (1.8 x % Cr) + (1,5 x % V) + % Mo 

et dans lequel le reste de la composition est du titane a Texception des impuretes eventuelles et. 
(b) fagonner k chaud I'alliage chauffe avec un taux de reduction de 50 %. 

40 

16. Un proc6d6 tel que revendiquS dans la revendication 15, caractdris§ en outre en ce que le rapport de 
reduction est d ? au moins 70 %. 

17. Un procede tel que revendique dans la revendication 15 ou 16, caracterise en outre en ce que les 
45 valeurs pour X % et Y % sont definies de la maniere suivante : 

0,85 %SX%£ 1,5% 
7 % £ Y % S 9 % 

so 18. Un proc6d£ tel que revendiqui dans les revendications 15 ou 16, caract6ris6 en outre en ce que les 
valeurs X % et Y % sont definies de la maniere suivante : 

1,5%SX%S2,5% 
9%£Y%S11% 

55 

19. Un procede tel que r v ndiquS dans les revendication 15 ou 16, caract£ris6 en outre en ce que les 
valeurs pour X % et Y % sont definies de la manfere suivante : 



27 



EP 0 408 313 B1 



2,5 %SX % S 3.15 % 
11%SY%S13% 

Jn procede tel que revendique dans une quelcohque des r vendications 15 a 18, caracterise 
n ce qu la t neur en aluminium est delini de la maniere suivante : 

4,0 % en poids £ Al £ 5.0 % en poids 



21. 



Un procede de formage superplastique d'un alliage a base de Wane comportant les etapes de' 

(a) trailer par chauffage une composition d'alliage a base de titane comme specifie ci-dessous a une 
temperature dans la gamme de 250 'C en dessous de la temperature du point de transition-/? de la 
compoahon alliee jusqu'H sa temperature de transition-/), la composition d'alliage specifiee compor- 
tant les constituents suivants en proportions ponderales : 



aluminium 


3,42 


- 5,0 % 


vanadium 


2,1 - 


3,7 % 


molybdene 


0,85 


-3,15% 


oxygene 


0,01 


-0.15% 



mais a ['exclusion des alliages ayant une teneur en molybdene de 2,5% poids ou plus elevee et 
comportant en outre au moins un des elements choisis dans le groupe constitue du fer, du cobalt et 
du chrome en proportions ponderales qui satisfont aux equations : 

0,85 %£X%£ 3.15% 
7 % £ Y% £ 13% et 

dans laqueile 

X % = % Fe + % Co + (0,9 x % Cr), et 

Y% = (2x%Fe) + (2x%Co) + (1,8x%Cr)+ (1,5x%V) + % Mo 
et dans lequel le reste de la composition est du titane a I'exception des impuretes eventuelles et 
(b) reviser le formage superplastique de I'alliage traite thermiquement. 

22. Un proce^ tel que revendique* dans la revendication 21, caracterise^ en outre en ce que les valeurs X 
% et Y % sont definies de la maniere suivante : 

0. 85%£X%S1,5% 
7 % £Y % £9 % 

23. Un precede tel que revendique dans la revendication 21, caracterise en outre en ce que les valeurs 
pour X % et Y % sont definies de la maniere suivante : 

1, %£X%£2,5% 
9%£ Y%* 13% 

24. Un procede tel que revendique dans la revendication 21, caracterise en outre en ce que les valeurs 
pour X % et Y % sont definies de la manieres suivantes : 



2,5% £X%£ 3,15% 
11 %S Y%£ 13% 



28 



EP 0 408 313 B1 



FIG.1 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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